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Discussion

Detecting the MYCN status of NB is the standard of care in
the diagnosis and treatment of the disease. In the Study
Group of Japan for Advanced NB (JANB), two chemo-
therapeutic regimens for advanced NB have been designed
based on the MYCN amplification status (more than 10
copies of MYCN or less than 10 copies of MYCN) since
1991 [13]. Recently, FISH and Q-PCR have recommended
determining MYCN amplification status instead of SB. In
this study, a small number of MYCN amplified cells and
MYCN gain cells detected by FISH and LCM could not be
detected by SB.

However, for determining the MYCN status, the FISH
method and Q-PCR method are controversial. With FISH,
it is possible to determine the MYCN gene status of the
individual cells, but it is only possible to evaluate small
number of cells in the tumor sample. Therefore, it is dif-
ficult to determine the copy number of the MYCN gene
throughout the tmor. Furthermore, in one study, the
MYCN status determined by FISH was not identical to the
MYCN status determined by Q-PCR because the back-
ground contaminated debris showed MYCN probe signals
[14]. In addition, the mor cells with one copy of the
MYCN gene cannot be distinguished from peripheral blood
leukocytes and normal stromal cells by FISH.

Case 10 with a large number of MYCN gain cells
detected by FISH showed a slight increase of gene dosage
of MYCN in a frozen block sample and all LCM areas with
Q-PCR. MYCN gain is defined as a less than the 4-fold
increase of MYCN signals in relation to the number of
chromosomes 2 centromere signals in FISH [12]. The
outcome of the patients with MYCN gain remains unclear.
In a previous report, the 3-year event free survival of the
patients with MYCN gain was poor in comparison to the
NB patients without MYCN amplification, but no signifi-
cant difference in the 3-year overall survival was observed
[15].

In Q-PCR, the MYCN gene status of highly amplified
MYCN in NB is detected accurately in comparison to other
methods. On other hand, a low level of amplified MYCN
status was unclear. In this study, 12 of 54 NB cases with a
single copy of MYCN based on SB showed a slight increase
in the gene dosage of MYCN by the Q-PCR. Of these 12
cases, FISH or Q-PCR in LCM areas explained the slight
increase of MYCN in only 4 cases. In eight other cases, no
MYCN amplified cells or MYCN gain cells by FISH, nor
any small areas with an increase of the MYCN gene by
LCM could be detected. And, in cases 2 and 12, the tumors
with MYCN amplification by FISH did not show an
increase in the MYCN gene dosage detected by LCM. This
may have been due to by the intratumor heterogeneity in
NB. The paraffin-embedded samples were examined by

LCM, the frozen samples were examined by Q-PCR, and
fresh samples were examined by FISH. We think that a
small number of the MYCN amplified cells might thus have
been contained in the frozen and block samples, however,
no such cells might be observed in the paraffin-embedded
samples. In previous reports, 12-27% NB patients showed
heterogeneous tumors using FISH and Chromogenic in situ
Hybridization (CISH) [16, 17]. This result is consistent
with the present study (12/63; 19%).

Case 1, with a single copy of MYCN based on SB has an
intratumoral necrosis. This necrotic area did not show an
increase of the gene dosage of MYCN. It is imporiant to
analyze variable tumor cells to detect MYCN gene and
other genetic markers. However, it is difficult to distinguish
variable tissue by only macroscopic investigation in some
cases. Microscopic analysis by LCM is a highly sensitive
method for assessing the status of the MYCN gene in NB.
However, an analysis using LCM is not practical in a
routine investigation for MYCN amplification. A diagnostic
analysis based on a combination of the Q-PCR for a block
sample and dual color FISH is recommended as the stan-
dard method for assessing the status of the MYCN gene in
NB.
A slight increase for the gene dosage of MYCN by Q-
PCR may indicate that NB tissue contains a small number
of cells with the MYCN amplification or a large number of
cells with the MYCN gain, which are associated with the
aggressive progression of NB. If there is a slight increase in
the MYCN gene in the block sample indicated by Q-PCR
and no MYCN amplified cells are detected by FISH, we
recommend that an LCM investigation should be con-
ducted to determine the MYCN status of variable tumor
cells accurately.
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Complete elimination of established neuroblastoma by
synergistic action of y-irradiation and DCs treated
with rSeV expressing interferon-f gene
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Dendritic cell (DC)-based immunotherapy has been investi-
gated as a new therapeutic approach to intractable neuro-
blastomas; however, only limited clinical effect has been
reported. To overcome the relatively low sensitivity of
neuroblastomas against immunotherapy, we undertook a
preciinical sfficacy study to examine murine models to assess
the combined effects of y-iradiation pretreatment and
recombinant Sendal virus (ts-rSeV/dF)-mediated murine
interferon-fi (miFN-fi) gene transfer to DCs using established
¢1300 neuroblastomas. Similar to intractable neuroblastomas
in the clinic, established c1300 tumors were highly resistant to

with either y-irradiation or DCs activated by ts-
rSeV/dF without transgene (ts-rSeV/dF-null) that has been
shown lo be effective against other murine tumors, including

Keywords: dendritic cell; recombinant Sendai virus; irradiation;

Introduction

Neuroblastoma, with its many clinical and molecular
faces, is the most common extracranial malignant solid
tumor seen in children.! When occurring in infants less
than 1 year old, neuroblastoma shows a relatively good
prognosis, whereas only 30% of children above tﬁat age
with advanced cases of the disease do not experience
disease progression for at least 3 years after treatment.?
Recent efforts by physicians have demonstrated that
surgical intervention, irradiation and intensive chemo-
therapy followed by stem cell lantation improved
the survival of such patients>* However, in a large
number of these children, especially in cases with MYCN
amplification, the disease remains intractable.’*
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B16F10 melanoma. In contrast, immunotherapy using DCs
expressing mIFN-§ through ts-rSeV/idF (ts-rSeV/dF-mIFNj-
DCs) effectively reduced tumor size, and its combination with
y-irradiation pretreatment dramatically enhanced its antitumor
sffect, resulting frequently in the complete elimination of
established ¢1300 tumors 7-9 mm in diameter, in a high
survival rate among mice, and in the development of
protective immunity in the mice against rechallenge by the
tumor cells. These results indicate that the combination of ts-
rSeV/dF-mIFNp-DCs with y-frradiation is a hopeful strategy for
the treatment of intractable neuroblastomas, warranting
further investigation in the clinical setting.

Gene Therapy (2009) 16, 240-251; doi:10.1038/gt.2008.161;
published online 6 November 2008

neuroblastoma

As an alternative potential therapy, clinical evaluation
of dendritic cell (DC)-based immunotherapy was in-
itiated several years ago. The first reported clinical study,
which enrolled 15 children with advanced solid tumors
including three individuals with neuroblastoma, demon-
strated modest antitumor responses.® ently,
another group the results of tumor RNA-loaded
DC vaccination for 11 patients with stage 4 neuroblas-
toma.* Even though these challenging clinical studies
showed specific antitumor immune reactions, the clinical
outcome is still far from the level required for a standard
therapy.

Very importantly, these frontier studies suggested that
the immunosup condition of these patients after
intensive chemotherapy might limit the efficacy of DC-
based immunotherapy.® In addition, neuroblastoma is
shown to be less immunogenic,” in association with a
suppressed expression of major histocompatibility com-
plex class I, which can be caused by MYCN amplifica-
tion.*'® DC-based cancer immunotherapy, moreover,
is now also a developing technology and has shown
limited clinical outcome in other malignancies. There-
fore, scientists and physicians should elucidate (1) the




most effective DC subtypes, (2) the optimal conditions
and activation stimuli to generate activated DCs showing
optimal antitumor effects in vivo, (3) the optimal route for
administration and (4) the optimal dose and frequency of
DC vaccinations.”"* The lack of such information may
explain the limited efficacy of DC-based immunotherapy
for advanced neuroblastoma in the clinical setting.
Recently, we have demonstrated a dramatic improve-
ment in the efficacies of DCs activated by recombinant
mm (rSeV), namely ‘immunostimulatory viro-
t! . on multiple syngeneic mouse models bearing
highly malignant hgmm's including B16F10 melanoma,*
MH134 hepatocellular carcinoma' and SCCVII squa-
mous cell carcinoma."® rSeV is a novel and powerful gene
transfer modality as a cytoplasmic gene expression
system'*"® that leads DCs to highly activated/mature
state through a DExD/H-box RNA helicase, retinoic
acid-inducible 1 (RIG-I).***° Therefore, we hypothe-
sized that rSeV-activated DCs might enhance antitumor
immunity against less immunogenic c1300 neuroblastoma.
With this background in mind, we here examined and
optimized the antitumor effect of DC immunotherapy
activated by a ‘temperature-sensitive mutant’ and
F-gene-deleted non-transmissible rSeV (ts-rSeV/dF), an
advanced vector design showing a less cytopathic
effect,’®*122 that is now available for mass uction
according to the good manufacturing practice guidelines.
Our goal was to develop therapeutics based on ts-
rSeV/dF-DCs that could completely eliminate, rather
than merely shrink, established tumors as well as induce
protective antitumor immunity against recurrence. Im-
portantly, although here we co that the ¢1300
tumor was still highly resistant to DC-based immuno-
therapy, even with the use of DCs activated by ts-rSeV/
dF, we here found that y-irradiation pretreatment
accompanying murine interferon-p (mIFN-p) gene trans-
fer dramatically and synergistically enhanced the anti-
tumor immunity induced by intratumoral (i.t.) injection
of ts-rSeV/dF-DCs without any antigen loading ex vivo.
We here show that this new regimen resulted not only in
the complete elimination of a high proportion of
established ¢1300 tumors 7-9 mm in diameter, but also
in the induction of tumor-specific protective immunity.

Results

¢1300 neuroblastoma is highly resistant to DC-based
immunotherapy
Throughout this study, DCs were not by tumor
antigen ex vivo, because antigen loading did not enhance
the antitumor effect of ts-rSeV/dF-DCs that were
administered it. to ¢1300 tumors (data not shown).
These findings were similar to those of our earlier studies
using B16 melanoma' and SCCVII squamous cell
carcinoma.'®

To optimize the dose of DC-based immunotherapy
that was activated by ts-rSeV/dF-null (ts-rSeV /dF-DCs),
we first determined the effective dose of DCs to dermally
implanted 1300 neuroblastomas in the abdominal wall
of A/] female mice. We here administered ts-rSeV/dF-
DCs without antigen pulsation i.t., because this injection
route showed an optimal antitumor effect against
both B16F10 melanoma' and SCCIIV squamous cell
carcinoma'® in our earlier studies. At the same time, the
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therapeutic effect against 1300 was directly compared
with that against B16F10 melanoma.
As shown in Figure 1, in the ‘early treatment
en’,'* three-times weekly administration of ts-
rSeV /dF-DCs, the highest efficacy against B16F10 mel-
anoma occurred at 10° cells per dose of ts-rSeV /dF-DCs,
resulting in the elimination of 50% of the tumors. In
contrast, ts-rSeV/dF-DCs showed a modest suppression
of tumor growth of c1300 neuroblastomas without
eliminating any of the tumors, suggesting that ts-rSeV/
dF-DC-based immunotherapy was more effective against
B16F10 than against c1300.

Gene transfer of mIFN-§ by ts-rSeV/dF to DCs
enhances the antitumor effect against ¢1300

To overcome the limited efficacy of ts-rSeV/dF-DCs
against 1300, we next examined the effect of mIFN-p
gene transfer by ts-rSeV/dF to DCs (ts-rSeV /dF-mIFNp-
DCs), which has been shown to enhance antitumor
immunity to B16 melanoma effectively.'

As shown in Figure 2a, recombinant mIFN-p or
human IFN-B was effective in upregulating major
histocompatibility complex class I antigen expression
not only in murine (c1300) but also in human (SK-N-SH
and IMR32) neuroblastoma cell lines, irrespective of
predefined N-myc amplification, However, direct cytoxi-
city had no or only a modest effect on them (Figure 2b).
These findings were similar to those of our earlier study
obtained by the use of melanomas’ and indicated the
modest susceptibility of ¢1300 neuroblastomas to mIFN-p.

In turn, the use of ts-rSeV/dF-mIFNB, instead of the
ts-rSeV/dF-null vector, as a DC activator dramatically
enhanced the antitumor effect on ¢1300, resulting in the
elimination of 60% of the tumors in the ‘early’ treatment
regimen in vivo, as expected (Figure 3a, left three panels
and Figure 3b, left graph).

We then asked whether or not established 1300
tumors, 7-9 mm in diameter, could respond to ts-rSeV/
dF-mIFNB-DCs through the ‘later’ treatment regimen
starting at 10 days after tumor inoculation. Although ts-
rSeV/dF-mIFNB-DCs significantly suppressed the

wth of established 1300 tumors, the percentage of
tumors eliminated was still and unexpectedly low (one
of six animals showed complete elimination; Figure 3a,
right three panels and Figure 3b, right graph). In this
iment, no animal except the one showing tumor
elimination survived over 120 days (data not shown; the
tative data are shown in Figure 5b), indicating
that rSeV/dF-mIFNB-DCs contributed to the significant
suppression of tumor growth, though not enough to
prolong the survival of tumor-bearing mice.

Synergistic sensitization of ¢1300 tumor to
ts-rSeV/dF-IFNB-DCs by y-irradiation pretreatment
Together, these data confirmed the limited efficacy of ts-
rSeV/dF-DC-based immunotherapy against less-immu-
nogenic 1300 neuroblastoma. We therefore next looked
for a possible sensitizer that might enhance the effect of
DC immunotherapy. Recent studies have demonstrated
that radioﬁma%induces an ‘abscopal effect’ against
distant tumors,®** probably due to the enhancement
of antitumor immunity® We therefore examined the
combined effect of a clinically available dose of y-
irradiation (4 Gy day~" for 3 days) followed by weekly
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i.t. administration of rSeV/dF-mIFNB-DCs in the ‘later’
treatment regimen (Figure 4, scheme). In this experiment,
the tumor was intradermally implanted in the thigh to
avoid radiation-induced toxicity to vital organs.

As shown in Figures 4a and b, monotherapy
consisting of either y-irradiation or rSeV/dF-mIFNp-
DCs effectively reduced the tumor volume. However, the
established tumors were rarely eliminated (y-irradiation:

Gene Therapy

0/6 animals; rSeV/dF-mIFNB-DCs: 2/8 animals). In
contrast, when these therapies were combined, six of
eight animals showed the complete elimination of all
established tumors at 38 days after inoculation. As the
result, 5 of the 8 animals treated with both y-irradiation
and rSeV/dF-mIFNB-DCs survived over 200 days
in tumor-free condition (P<0.001 vs other groups)
(Figure 4c).
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Immunotherapy using ts-rSeV/dF-IFNf-DCs was
required to establish protective immunity for the
second challenge of ¢1300 tumor cells

Finally, we asked whether or not the complete elimina-
tion of 1300 tumors might contribute to the establish-
ment of lasting immunity.

At ﬁrsl:nusr; mpr;l:cngem T- lymphocyw (CTL)
activity using splenocytes from mice with DC treatment.
A strong and c1300-specific cell Iytic activity of stimulated
splenocytes with tumor antigen was found only in the
case of mice with combined treatment, but not with other
treatment groups (Figure 5a, left gra&h) Such a cell lytic
activity could not be found when MuSS (a third-party

tumor: A/] mouse-derived malignant fibrous histiocyto-
ma)*® was used as the target (Figure 5a, right graph).

Next, we performed an additional experiment for the

enge by the simultaneous inoculation of
c13m and MuSS on day 186. The overdose irradiation
group (34 Gy x 3 days) that showed a high percentage of
c1300 tumor elimination (>70%, according to our
repeated preliminary study) was also included as a
control group.

As shown in Figure 5b, none of the animals bearing
established 1300 tumors without any treatment or with
a clinically available dose of radiation (4 Gy x 3 days)
survived over 120 days after tumor inoculation. Only one
of four animals treated with rSeV/dF-mIFNB-DCs
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showed tumor-free survival over 120 days, but this  bearing mice that were treated with overdose irradiation
mouse accepted not only third-party MuSS but also  survived over 120 days in tumor-free condition, but no
¢1300 at the second challenge. 'I'hree of the four tumor-  mouse could reject both MuSS and ¢1300, indicating that
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Figure 3 Continued.

tumor elimination by y-irradiation itself does not
significantly contribute to the establishment of ive
immunity. In contrast, combination therapy of radiation
and rSeV/dF-mIFNB-DCs also resulted in tumor elim-
ination and tumor-free survival over 120 days in three of
the four animals, and all the four mice demonstrated
complete and tumor-specific rejection to ¢1300 tumor
inoculation, but none of them showed such a rejection of
third-party, MuSS cells.

These results indicate that the synergism of combining
radiation and rSeV/dF-mIFNJ-DCs contributes greatly
not only to tumor reduction but also to the establishment
of long-lasting and protective antitumor immunity.

Discussion

Since the early reports describing the efficacy of DC-
based immunotherapy on subjects with malignan-
cies,”* this therapeutic mode has been evaluated all
over the world. Recurrent neuroblastoma, which is
highly resistant to currently available surgery, che-
motherapy and radiotherapy, has also been a target of
DC-based immunotherapy; but recent clinical studies
have failed to show significant improvements in out-
come.>* To overcome the current limitation of this mode,
we recently developed a new concept, ‘immunostimula-
tory virotherapy’, using rSeVs, which are recombinant
virus-based immune boosters for DCs.'*'* DCs activated
by an rSeV have shown apparently superior antitumor
effects on several tumor types compared with those seen
by DCs treated with conventional stimuli, including
lipopolysaccharide; they have also been shown not to

lose their phago/pinocytotic activity,' and therefore an
i.t. injection of rSeV-DCs without exposure to tumor
antigen ex vivo evoked tumor-specific antitumor immu-
nity.'*!5 On the basis of these findings, the present
experimental study was to examine the
potential of DC-based immunotherapy boosted by a
newly developed rSeV/dF, the less cytotoxic, clinically
available vector ts-rSeV /dFE,'® to treat less-immunogenic
murine c1300 neuroblastoma.

The key observations obtained in this study were as
follows: (1) ¢1300 tumors were highly resistant to ts-
rSeV/dF-DC therapy by the ‘early’ treatment regimen
that was sufficiently effective against highly malignant
B16F10 melanoma, indicating that ¢1300 should be less
immunogenic than such melanoma; (2) the use of ts-
rSeV/dF-mIFNp as the activating modality for DCs and
expressing murine IFN-B dramatically attenuated the
antitumor effect on ¢1300 tumors through the ‘early’
treatment regimen, similar to a finding of our earlier
study;"* (3) when established c1300 tumors were treated
through the ‘later’ treatment regimen, however, the
antitumor effect of ts-rSeV/dF-mIFNB-DCs was not
sufficient; (4) radiation pretreatment at a clinically
reasonable dose (4 Gy x 3 days) demonstrated a drama-
tically improved antitumor effect, resulting in a high
percentage of elimination of established tumors; and (5)
the elimination of established ¢1300 tumors by radiation
followed by ts-rSeV/dF-mIFNB-DCs contributed to the
development of long-lasting tumor-specific immunity,
whereas the antitumor effect through overdose irradia-
tion did not. These results indicate the potential utility of
the combination of radiotherapy and ts-rSeV/dF-mIFNE-
DC immunogene therapy in the clinical setting.
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It has been suggested that radiotherapy for malig-
nancies might stimulate antitumor immunity as a
systemic bystander effect called the ‘abscopal effect’.
However, the molecular and cellular mechanisms under-
lying this effect are largely unknown. In addition, the
concept of combining radiation therapy with immu-
notherapy is not new, and some publications suggest the
beneficial effect of irradiation on antitumor immunity.

Radiation induces cell death through apoptosis and
necrosis. In turn, necrotic and apoptotic cells could
induce DC-mediated antitumor immunity®**' These
types of cell death are also shown not only to induce
the release of inflammatory cytokines,® but also to
stimulate tumor vasculature to upregulate the expression
of adhesion molecules, and to facilitate the trafficking of
immune cells to cancer foci; thus, these types of cell

Radiation and/or
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40
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4 Gy/dayx3 days
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E
E
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5
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=

20 30

Radiation +
1s-rSeV/dF-mIFNB-DC
Tumeor eliminated: 6/8

Tumor volume (mm?)

__--—'—'_/
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Figure 4 Pretreatment of clinically available dose of irradiation dr jcally enh d antit effect of ts-rS5eV /dF-mIFNB-DCs seen in
the “later’ treatment regi Seven days after s.c. tumor inoculation into the left thigh, the tumors were irradiated three times daily at
4 Gy day~'. At day 10 (later’ treatment regimen), 10* cells of ts-rSeV/dF-DCs with exog mIFN-p expression were injected weekly
through the it. route. Thereafter, the tumor volume was measured. Note that all tumors treated in the ‘later’ regimen were over 7 mm in
diameter at day 10. (a) Time courses of tumor volume in individual animals. No tumor disappeared in the group receiving radiation only, but
tumor growth msmpprmsad (right upperpand] compared with those without any treatment (left upper). In contrast, the ts-rSeV/dF-
mlFNﬂ-DC group i a strong of tumor growth (representative findings seen in Figure 3), and this effect was dramatically

the ¢ ! ﬁ\e limination of a high percentage of tumors (6/8 = 75%). (b) Direct comparison of
tumor size. Panels sh.uwmg <1300 ¢ lumr volume on day 38 in the animals demonstrated in (a). Note that animals showing a complete
elimination of tumors were excluded in these analyses. Treatment with either irradiation or ts-rSeV/dF-mIFNf-DCs significantly ted
tumar growth, and s was found by the combination therapy. *P<0.001 and *P<0.05. (c) Long-term survival of animals
dmmmmdmtn]Mmmhmdwr&Vde-mﬂNB—Dprpthal howed the compl e of t survived over 200
days (2/8=25%), whereas no t prolongation of survival was seen in the phuud with irradiation alone. The combination
therapy dramatically and significantly imy thc survival of animals; six of eight animals (75%) survived over 200 days without any
recurrence. The data were analyzed by the Kaplan-Meier method, and slnbshcu] relevance was determined using the Jog-rank test. *P<0.001.
DC, dendritic cell; it., intratumoral; mIFN-f, murine interfi B; rSeV, rec inant Sendai virus; s.c., subcutaneous injection. (See anline
version for color figure.)

xl

Gene Therapy




DC-based immunotherapy for neyroblastoma
K Tolsuta el o/

b 1300 tumor volume on day 38
(excluded animais with tumor eliminated)
= r 1
- *P<0.001
'E #P<0.05
—_— m -
E
2
o
E 1000 -
[=
0 S wrra
n=8 n=6 n=B n=2
Il untreated
555 Radiation

|:] ts-rSeV/dF-mIFNB-DC
/77 Radiation + ts-rSeV/dF-mIFN-DC

Radiation +
— ts-rSeV/dF-mIFNB-DC
(n=8)

ts-rSeV/dF-mIFN@-DC
(n=8)

—— Radiation (n=6)
=—— Untreated (n=8)

Figure 4 Continued,

death may together be responsible for the abscopal effect
after radiation therapy.

It is of interest, however, that abscopal regression of
distant tumors has been inferred in the use of certain
tumors in experimental studies, but has rarely been seen
in clinical settings.* In fact, we here demonstrated that
tumor elimination overdose irradiation did not

against the second challenge of c1300 inoculation;
rather, the addition of DC immunotherapy was i
to establish a protective immunity. These findings could
be supported by an important report describing that the
induction of the T-lymphocyte-mediated abscopal anti-
tumor response was tumor type specific.*® Therefore, we
concluded that DC-based immunotherapy would be
i to induce tective immunity when tumor
were destroyed by irradiation.

Related to this point, we have to discuss why c1300
tumor elimination through overdose irradiation
(34 Gy x 3) did not induce protective immunity against
the second challenge. In this case, a sustained dermal
inflammation and burns were found (data not shown),
possibly implying that the sustained dermal inflamma-
tion due to overdose irradiation might disturb the
establishment of antitumor immunity. Therefore, clini-
cally appropriate doses of irradiation, probably asso-
ciated with tumor cell disruption proper for antigen
uptake, processing and presentation by antigen-present-

ing cells, should be examined to obtain optimized
antitumor immune responses following additional DC
unmunolhexapy

In summary, we here demonstrated that the it
injection of rSeV/DCs expressing mIFN-B to established
1300 tumors pretreated with a clinically reasonable dose
of irradiation efficiently led tumors to a complete
elimination in vive. In addition, this regimen simulta-
neously induced a long-lasting protective immunity.
Therefore, this results strongly suggest that the regimen
warrants further investigation in research as well as in
clinical trials.

Materials and methods

Mice and tumor cell lines
Female 6- to 8-week-old A/] mice (H-2*) were obtained
from Japan SLC Inc. (Hamamatsu, Shizuoka, Japan) and
kept under specific pathogen-free and humane condi-
tions. Murine neuroblastoma ¢1300 and MuSS murine
malignant fibrous histi ma (under kind permission
Dr Itaru Watanabe, rtment of Surgery, Tasuda
ospital)** were obtained the RIKEN BioResearch
Center (Tsukuba, Ibaraki, Japan). B16F10 murine
melanoma, SK-N-SH human ma without
MYCN amplification and IMR32 human neuroblastoma
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Fifteen days later, tumor formation was determined. DC, dendritic cell, i.t., intratumoral; mIFN-, murine interferon-p; rSeV, recombinant
Sendai virus; s.c., subcutaneous injection. (See online version for color figure.)

associated with MYCN amplification were

from ATCC (Manassas, VA, USA). These cell lines were
maintained in complete medium (RPMI-1640 medium;
Sigma-Aldrich, St Louis, MO, USA) supplemented with
10% fetal calf serum (BioWest, Nuaille, France), penicillin
and streptomycin under a humidified atmosphere
containing 5% CO, at 37 °C.

Temperature-sensitive mutant non-transmissible
rSeVs (ts-rSeV/dF)

Temy ture-sensitive mutant F-defective non-transmis-
sible recombinant rSeVs (ts-rSeV/dF-null and ts-rSeV/

Gene Therapy

dF-mIFN) were prepared and recovered as described
earlier.’** Briefly, vectors were by using
recombinant LLC-MK; cells carrying the F gene (LLC-
MK./F7). An adenovirus vector, AxXCANCre, exprmsmg
Cre recombinase was used for the induction of F

in LLC-MK./F7 cells (referred to as LLC-MK, F7/A}
Recombinant vaccinia virus vTF7-3 ing T7 RNA
polymerase was inactivated with en and long-
wave ultraviolet irradiation and then used for the
ribonucleoprotein mmglex recovery. The viral vectors
were further amplified by several rounds of propagation.
The titers of the recovered viral vectors were exp!

as cell infectious units.® Murine [FN-B ¢cDNA, which was




subcloned to the vector template ts-prSeV18+b(+)/dF,
was cloned by reverse transcriptase PCR as described
earlier.™

Generation of DCs and transfection with rSeVs
Murine bone-marrow-derived DCs were generated as
described earlier,'*'* and an endotoxin-free condition
was maintained throu, t the study by using endotox-
in-free reagents. Briefly, bone marrow cells from A/]
mice were collected and through a nylon mesh,
and red blood cells and lineage-positive (8220, CDS5,
CD11b, Gr-1, TER119, 7/4) cells were depleted by using
the Spi mouse hematopoietic progenitor enrichment
kit (StemCell Technologies, Vancouver, British Columbia,
Canada). These lineage-negative cells (5-10x10* per
5ml per well) were cultured in 50 ng ml~' granulocyte-
macrophage colony-stimulating factor (PeproTech,
London, UK) and 25 ng ml-* IL4 (PeproTech) in endotoxin-
free complete medium in six-well plates. On day 4, half
of the culture medium was replaced by fresh medium
supplemented with granulocyte-macrophage  colony-
stimulating factor and IL4 at the same concentration.
On day 7, DCs were collected and used for subsequent
experiments. For ts-rSeV-mediated transduction, DCs
(1 x10°cells per ml) were simply incubated with rSeVs
at a dose optimized earlier'*® and a multiplicity of
infection of 100 (MOI=100) without any supplementa-
tion. At this condition, transduction i
constantly showed over 95%. Note that the DCs used
in this study were not loaded tumor antigens, as was also
the case earlier."

Major histocompatibility complex class | expression on
tumor cells

c1300 (mouse), SK-N-SH (human) or IMR32 (human)
neuroblastoma cells (1 x 10* per ml) were incubated in
the presence or absence of mouse or human IFN-f
(1000 Uml~') at 37 °C for 48 h. These cells were then
stained with the corresponding fluorescein isothiocya-
nate-conjugated anti-major histocompatibility complex
class | antibodies (mouse or human; BD Pharmingen,
San Diego, CA, USA) and were analyzed usin,

FACS Calibur (Becton Dickinson, San Jose, CA, USA

with CellQuest software (BD Biosciences Japan,
Tokyo, Japan). Data analysis was performed using
Flow]o 4.5 software (Tree Star, San Carlos, CA, USA).
Dead cells were excluded by staining with propidium
iodide.

DC-based immunotherapy to ¢1300 tumor
The DCs used in this study were not pulsed with any
tumor antigen throughout the experiments.

‘Early’ trealment regimen. After the DCs were pre-
pared, an immature DC pheno appeared constantly,
These immature DCs were incubated with ts-rSeV /dF-
null or ts-rSeV/dF-mIFNp for 8h, as described ear-
lier.'*'* All of the DCs were added to 50 mgml™' of
polymyxin B (Sigma-Aldrich) and were carefully washed
twice before injection. Intradermal implantation (A/] for
1 x 10% of ¢1300 cells showing log-phase proliferation in
vitro) was performed into the abdomen on day 0, and
1 x 10* DCs were injected i.t. on days 3, 10 and 17. For all
injections, materials were suspended in a 100-ul volume

DC-based immunotherapy for neuroblastoma
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of phosphate-buffered saline. Tumor size was assessed
using microcali three times a week, and the volume
was calculated by the following formula: tumor
volume (mm®) = 0.5236 x (long axis) x (short axis) x (height)
(Figures 1 and 3).'***

‘Later’ trealment regimen and radiation pretreat-
ment. We further assessed the Tlater treatment regimen’
for tumors that were well established, measured 7-9 mm
in diameter'*'® and constantly showed a significant
vascularization histologically (data not shown). y-Irra-
diation pretreatment (**Co source, 2 Gy day~" for 3 days,
daily) was performed if necessary.

Dendritic cells were collected as described above, and
intradermal implantation (A/] for 5x10° c1300 cells)
was carried out into the abdomen (Figure 1) or right
thigh (Figures 3-5: to avoid irradiation-induced enter-
ocolitis and so on) on day 0, and 1x10* DCs were
injected i.t. on days 10, 17 and 24. Tumor size was
assessed as described above.

5'Cr release assay for cytolytic activity of CTLs
DCs were i.t. administered twice into tumor-
bearing mice (MH134) at 10° cells per 100 ul on days 10
and 17. One week after the last immunization, spleno-
cytes were obtained and contaminated erythrocytes were
depleted. For CTL assay, 4x10° splenocytes were
tured with 3 x 10° inactivated c1300 cells treated with
100 pg ml~" mitomycin in a 24-well culture plate. Two
days later, 30 [Uml~" human rIL-2 was added to the
medium. After 5 days, the cultured cells were collected
and used as CTL effector cells. Target cells (c1300 cells or
MuSS for third party) were labeled with 100uGi
Naz'CrO, for 1.5 h, and Cr release assay was performed
as described earlier’*'* The percentage of specific
*!Cr release of triplicates was calculated as follows:
((experimental c.p.m. x spontaneous c.p.m.)/(maximum
c.p.m. x spontaneous c.p.m.)) x 100. Spontaneous release
was always <10% of maximal Cr release (target cells in
1% Triton X-100).

Rechallenge of tumor cells

Nineteen animals bearing c1300 tumors were divided
into five groups (Figure 6) (untreated: n=4; 4Gy x3
days radiation: n=3; 34 Gy x 3 days overdose radiation:
n=4; ts-rSeV/dF-mIFNB-DC: n=4; and 4 Gy x 3 days
radiation+ts-rSeV/dF-mIFNB-DC: n=4) and treated as
described in the schematic regimen in Figure 4. Seven
animals had survived tumor-free on day 189 (34 Gy x 3
days overdose radiation: n=3; ts-rSeV/dF-mIFNB-DC:
n=1 and 4Gy x 3 days radiation+ts-rSeV/dF-mIFNp-
DC: n=13), and these were used for the second challenge.
On day 189, 5 x 10° cells of 1300 (left) and MuSS (right)
were inoculated into the bilateral dermis of the abdom-
inal wall. Fifteen days later, tumor formation was
assessed.

Statistical analysis

All data were ex as meanstsem. and
were analyzed by one-way analysis of variance with
Fisher’s adjustment, except for animal survival
Survival was plotted using Kaplan-Meier curves, and
statistical relevance was determined using log-rank
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comparison. A probability value of P<0.05 was con-
sidered significant.

Abbreviations

ts-rSeV, temperature-sensitive mutant recombinant Sen-
dai virus; ts-rSeV-DC, recombinant Sendai virus-mod-
ified DC; IFN-$, interferon-f; i.t., intratumoral injection;
s.c., subcutaneous injection’
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Long-term Problems in Long-term Survivors of Advanced Neuroblastoma
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Intensive chemotherapy, high-dose chemotherapy with or without total body irra-
diation, surgery, and local radiotherapy are providing long-term survival in many chil-
dren with advanced neuroblastoma. Long-term survivors are at high risk for many
long-term problems, including early death, second cancer, pshychosocial disturbance,
and organ system dysfunction, and especially for endocrine, musculoskeletal, neuro-
logic, sensory, cardiac, and pulmonary impairments. We summarize these long-term

problems in this analysis.
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Imaging, Diagnosis, Prognosis

Circulating Methylated-DCR2 Gene in Serum as an Indicator of
Prognosis and Therapeutic Efficacy in Patients with MYCN

Nonamplified Neuroblastoma
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Ken Kikuchi,' Shinichi Tamura,' Kunihika Tsuchiya, Toshihiko Imamura,’ Akiko Misawa-Furihata,

Tohru Sugimoto,"? Tadashi Sawada,'and Hajime Hosoi'

Neuroblastoma is the most common extracranial solid tumor
in children and is characterized by a wide range of clinical
behaviors, from spontaneous regression to rapid progression
with a fatal outcome (1). The current risk classification of
patients with neuroblastoma is based on the age of onset, the
extent of disease at the time of diagnosis as defined by the

Authors’ Affiliati 'Dep of Pediatrics. Graduate School of Medical
; Yooko Prat 1 University of Medicine, Kyoto, Japan: and *Saiseikai
Shiga Hospital, Shiga, Japan

Received 5/13/08; revised 7/4/08; accepted 7/14/08.

Grant support: Grants-in Aid for Scientific Ressarch grant no. 18380300,
182080854, and 18581262 from the Ministry of Education, Culture, Sports.
Science, and Technology of Japan.
The costs of publication of this article 1 in part by the paymant of page
charges. This article must therefors be hereby marked advertisement n accordance
with 18 UL5.C. Section 1734 solely 10 indicate this facL.

Nota: Supplementary data for this srticke sre svailable at Clinical Cancer Research

Oriline (http:/ ¥ org/).

R for reprints: Tomoko lehara, Department of Pediatrics, Graduate School
peTp Kyoto P § Uharity oF Mediing; A58 Kot

Kawarsmachi Hirokojl, Kamigyo-ku. Japan 602-8566. Phone: 81-75-261-

5571, Fax: 81-76-262-1399; E-mail: ieharn $koto kpu-m.ac.jp.
© 2008 American Association for Cancer Research.
doi:10.1168/1078-0432.CCR-08-1248

www.aacrjournals.org

70m

International Neuroblastoma Staging System, and evaluation of
genetic aberrations, such as MYCN amplification (MNA; ref. 2).
MNA is considered the strongest c factor and is
routinely assessed for therapy stratification (2-4), but it is a big
concern that some cases without MNA also have a poor
prognosis (5). Hero and colleagues recently reported that
spontaneous regression is often seen in localized infantile
neuroblastoma without MNA, and they suggested that a wait-
and-see strategy avoiding chemotherapy and surgical procedure
was justified in such patients (6). Nevertheless, some patients
in their cohort showed local progression, progression to stage
IVS, or progression to stage IV. Thus, it is important to have
additional biomarkers with prognostic value for the manage-
ment of non-MNA cases of neuroblastoma. We screened many
biological markers for neuroblastoma, such as Trk A expression
(7) and chromosome allelic loss (8-10), but none of them
were found to be useful for risk classification among non-MNA
patients.

Recent studies have revealed that epigenetic alterations, such
as silencing of mumor suppressor gene by abemant hyper-
methylation of its promoter, often play imporant roles in the
pathogenesis of human cancers, and some of these alterations
are thought to cause loss of function comparable with
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